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What has allowed this enormous range expansion? The flora, fauna, and landscape of the Northeast differ from that of centuries past, and two synergistic factors likely catalyzed the movement of coyotes into the region. First, the eradication of the gray wolf (Canis lupus) from its former range may have reduced the competitive pressures limiting coyotes to midwestern and western North America (Thurber and Peterson 1991, Peterson 1996) . Second, humans may have altered the landscape and community structure by intensive logging and agricultural development, opening additional habitat to coyotes (Larivière and Crête 1992, Parker 1995) . This landscape conversion also favored white-tailed deer, and both species have expanded their range northward to the limits imposed by snow cover and resource availability (Parker 1995) . Whatever the reason for this range expansion, it is clear that humans throughout the Northeast are now confronted with issues that have not existed in many parts of the region for more than 100 years-how to deal with the presence of a carnivore that is perceived by some segments of the public as potentially dangerous, and how to gauge the ecological and conservation effects of such a species in the region. While we know a great deal about the biology of coyotes, much of this knowledge comes from research conducted in western North America. It is unclear how transferable these findings are to the very different environment of the Northeast (Ray 2000) .
Why focus on the Northeast? After all, coyotes are now found along the entire eastern seaboard, south into Mexico and Central America, and north to Alaska. There are several reasons. Coyotes have been in the Northeast longer than in the Southeast, where they did not arrive until the 1960s (Parker 1995) , and coyotes in the Northeast have been the subject of more scientific study than in other areas of recent expansion. In addition, coyotes are not the apex predators in Alaska and Latin America, where mountain lions, jaguars, wolves, wolverines, and grizzly bears live. In the Northeast, coyotes very likely dominate all other predators except adult black bears. Coyotes in the Northeast have also received attention in the media and scientific literature because
• They are perceived as being physically larger than coyotes from elsewhere in their range.
• Attacks on humans seem to have increased in the Northeast.
• It has been suggested that genetic introgression from wolves has occurred and that coyotes may be filling the ecological niche of wolves in the region.
• Their diet is more reliant on ungulates than in other parts of their expanded range.
• The population resulted from a colonizing wave different from that for the southeastern population.
These issues suggest the need to evaluate the changes that have happened or are likely to occur in the future as a result of the expansion of coyotes into the Northeast. This article outlines some of the ecological, conservation, and policy issues to be faced.
The ecological relevance of coyotes
Coyotes are competitors with, and predators of, a wide array of species. How might coyotes in the Northeast influence the distribution and abundance of other species, including those of conservation concern? As a large carnivore, its potential for top-down influences on a broad array of organisms is great. Critical to understanding how coyotes alter community structure may be our ability to assess the effects of coyotes on other carnivores. Just as wolves in some regions limit coyotes by interference competition, coyotes limit smaller carnivores , Johnson et al. 1996 . If the increase in coyotes influences the population dynamics of other carnivores, a cascade of ecosystem effects may occur. For instance, the absence of coyotes in habitat fragments in southern California may result in "mesopredator release"-a sharp increase in the numbers of midsize predators-and altered bird communities (Crooks and Soulé 1999) . Similar findings involving coyotes have been made elsewhere in North America, revealing indirect effects on waterfowl, songbirds, and rodents (Sovada et al. 1995 , Rogers and Caro 1998 , Henke and Bryant 1999 . Studies of this sort are currently unavailable in the Northeast, which makes conclusions on the possible causes and effects of ecosystem change speculative. Nonetheless, ample empirical data support the occurrence of mesopredator release, and given the diverse mesopredator com- (Ray 2000) , it is reasonable to assume that such a release would also occur in the Northeast. While evidence of a mesopredator release and its indirect effects in the Northeast may be lacking, the competitive dynamic that several of these species have with coyotes has been documented. Coyotes are generalist predators and can attain high densities relative to more specialized carnivores; the latter may decline because of exploitation competition. For instance, bobcat and coyote numbers may be inversely correlated because of resource competition (Litvaitis and Harrison 1989, Fox 1990 ). Similar concerns have been raised for coyote interactions with lynx, which was recently listed as a threatened species (USFWS 2000a) .
Also, perceptions exist that coyotes are larger in the Northeast than elsewhere in their range, perhaps because of the belief that hybridization with wolves has occurred (Wilson et al. 1999) , and that the animals may have assumed the ecological role of wolves in the region. Although data that support these perceptions are somewhat ambiguous (Parker 1995 , Gompper 2002 , these perceptions deserve further consideration, as wolves in particular have been shown to have dramatic effects on ecosystem structure (Post et al. 1999 ). The coyote-wolf relationship in the Northeast-be it in a theoretical framework or based on fieldwork in northeastern Canada where the two species are sympatric-also deserves attention. Given that wolf recolonization or humanaugmented reintroduction into the northeastern United States is increasingly contemplated (USFWS 2000b) , successfully predicting the interaction of coyotes and wolves will be a critical factor in the establishment of a viable northeastern wolf population, if such a reintroduction occurs.
Coyotes can significantly affect prey populations, especially if the latter are small or isolated (e.g., Crête and Desrosiers 1995) . Of broader relevance, however, is not the risk of extirpating already reduced prey populations but rather the influence that predation by coyotes might have on robust populations, in particular, white-tailed deer, which are an important prey species for coyotes throughout the Northeast (Parker 1995 , Gompper 2002 . While a reduction in deer numbers might be welcomed in some suburban areas, coyotes and humans compete for ungulate prey in many parts of the rural Northeast, so the dietary habits of coyotes may be perceived as having direct economic impacts-both for the individual hunter and for industries and communities that depend on revenues associated with hunting (Sage 2001) .
In this context, the underlying questions faced by wildlife managers and conservationists are twofold. First, do coyotes kill prey that would otherwise die from such causes as limited food availability or severe weather (compensatory mortality), or is mortality from coyotes additional to these other sources (additive mortality)? That is, does mortality caused by coyotes simply substitute for some other cause of mortality and thus have no broad effect on ungulate numbers or population dynamics (Bartmann et al. 1992) ? Second, if coyotecaused mortality is additive, is the ungulate population of interest regulated by coyotes (which implies density-dependent predation), or are predation levels maintained over a range of prey densities (density-independent predation)? The former scenario would imply a shift in prey numbers to a new equilibrium, while the latter would mean that coyotes may be responsible for prey declines. Thus, when a prey population decreases because of disease, harsh winters, or overhunting, predation by coyotes could slow prey population recovery. Answers to these questions will be difficult to obtain, as the importance of coyotes will most likely be site specific, will depend on how human-caused mortality is considered in the equation, and may differ depending on whether prey density is measured to focus on total population size or on specific age classes, such as adults (Whitlaw et al. 1998 , Dumont et al. 2000 .
Far from always being an undesirable menace to the status quo, robust coyote populations may offer wildlife managers a novel tool, albeit a difficult one to control, for manipulating wildlife. For example, by reducing numbers of some mesocarnivores, the presence of a few coyotes may allow for dramatic increases in waterfowl, songbird, and game bird populations (Sovada et al. 1995, Rogers and Caro 1998) . In addition, several vertebrates are threatened with local or regional extinction in the Northeast from mesocarnivore release. The Allegheny woodrat (Neotoma magister) is threatened regionally by the raccoon roundworm (Baylisascaris procyonis), whose definitive host has increased in recent decades (Balcom and Yahner 1996) . The ability of coyotes to limit mesocarnivore densities could offer opportunities for mediating this type of conflict. The preference that coyotes show for white-tailed deer might also be welcomed in areas such as the suburbs, where hunting pressures alone are no longer sufficient to keep deer populations at a level acceptable to a public that increasingly views deer as pests. One could speculate that by altering the distribution and density of whitetailed deer, coyotes may also come to play an important role in lowering cases of tick-borne Lyme disease, for which deer play a critical role in the Northeast (Van Buskirk and Ostfeld 1995, Wilson and Childs 1997) . These utilitarian benefits of a healthy top-predator population may reduce the need for controversial population control measures of species that are viewed by some as charismatic and by others as a nuisance.
The human factor
Colonization of northeastern North America by coyotes is not simply an issue for ecologists to ponder. For better or worse, interactions between coyotes and humans will increase, resulting in greater public scrutiny of wildlife management practices and an increased call for information on coyote populations. How issues concerning the loss of livestock and domestic animals to coyote predation, which many perceive to be unique to western North America, will play out in the Northeast remains to be seen. The real and perceived losses caused by predators are economically significant in western North America, raising genuine concerns about the protection and economics of livestock and farm animal production in the Northeast. At extreme levels, predation on domestic an- Forum imals by coyotes may result in pressure from the public to increase programs to control predators (Kellert 1985) .
Attacks on domestic animals also intensify fears of coyotes attacking humans. Attacks on humans are not unusual in the western United States, although death from these attacks is extremely rare. In some areas, attacks have recently increased in frequency (Baker and Timm 1998) , and several have occurred in the Northeast (Gompper 2002) . As coyote numbers increase in highly populated northeastern areas, attacks by coyotes on humans are also likely to increase. While the per capita risk of an attack is negligible, those attacks that do occur will very likely receive intense publicity, especially when they take place in suburban regions. This was the case for an attack in Cape Cod, Massachusetts, in 1998. Unfortunately, state and provincial agencies are sending differing, and sometimes contradictory, messages about the threat that coyotes A problem in sending this message, however, is that our understanding of the ecology of coyotes in suburban environments is poor, thus making it difficult to predict how coyotes may behave in these areas. Most studies of coyotes in the Northeast have been conducted in rural, forested regions. The ecology of coyote populations that inhabit areas with higher human densities, such as suburban and coastal regions, is only now coming under study. For instance, recent research on Cape Cod revealed that coyotes were very adept at using habitats with relatively high (200-560 per km 2 ) human densities (Way 2000) . But we currently have no insight into such questions as how coyotes respond to the presence of humans, how coyotes interact with domestic cats and dogs, and how coyotes establish their foraging patterns in suburban environments.
Fear of attacks by coyotes on people and domestic animals and competition between human recreational hunters and coyotes for prey such as deer have resulted in calls for predator control and expanded hunting seasons on coyotes (Parker 1995) . Coyotes may be density-dependent breeders, however, and dispersal varies as a function of control intensity. Thus, a successful coyote population control program must cover relatively large geographical regions and be continuously sustained. Otherwise, the success of a control program may be temporary, at best, and at worst will have no effect or may even stimulate population growth (Knowlton et al. 1999 ). The present political climate and the high population density of both people and domestic carnivores make the enactment of large-scale coyote control programs in the Northeast unlikely.
If people form their opinions about the value of carnivore conservation programs based on their personal dealings with carnivores, then one might speculate that negative interactions between humans and coyotes in the Northeast could decrease support for programs such as lynx recovery or wolf reintroduction. Northeastern coyotes are commonly implicated, rightly or not, for contributing to the low density of deer in parts of the Northeast and for filling the ecological niche of wolves, perhaps for even behaving more like wolves than coyotes (Sage 2001) . These perceptions influence the views of stakeholders and the rural public on the need for wolf reintroduction efforts and on the possible impact of any reintroduced wolf population on prey species (Fascione and Kendrot 2001, Sage 2001) . Thus, while coyotes are by no means threatened with extinction, they are very much a conservation issue in the Northeast and should be treated as such.
So what should be done? First, realize that the presence of coyotes in the Northeast represents a natural range expansion of the species, not an exotic invasion, and that the species is here to stay. Since coyotes do represent a threat to the public-albeit a very minor one compared with the damage inflicted by domestic dogs-state wildlife agencies should abandon the message that these animals are harmless. Instead, these agencies should continually reinforce the message that people should change their behavior to avoid problematic encounters with coyotes. Although most state wildlife agencies in the Northeast promote this message, a few still state that coyotes are harmless. Second, realize that the coyote represents to wildlife managers a possible opportunity in some areas to reduce the need for controversial and expensive management decisions. And finally, ecologists should realize that the presence of the coyote is an important conservation issue. The arrival of this generalist top predator is likely to dramatically influence animal and plant communities in coming years. The coyote's presence may also influence public opinions on the value of free-ranging large predators.
